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WHAT IS CLAIMED IS: 



1. An\ energy- trap thickness extensional vibration 
mode piezoelectric resonator, comprising: 

a piezoelectric body including a plurality of 
piezoelectric layers and uniformly polarized in a thickness 
direction thereof; and 

N number ©f internal electrodes, where N is an 
integer equal ^y^lto 5, arranged in the piezoelectric body 
on top of each otker with the piezoelectric layers disposed 
therebetween; wherein 

the piezoelectric body vibrates in an {N-l)th higher- 
order mode of a thickness extensional vibration mode 
generated by applyin^^ electric fields of opposite polarity 
alternately in the direction of thickness to piezoelectric 
layers between internal electrodes, and when the thickness 
of a piezoelectric layfer between adjacent internal 
electrodes in the direation of thickness is denoted by D and 
the thicknesses of a fiifst and second piezoelectric layer 
outside the outermost internal electrodes in the direction 
of thickness are denoted W Di and D2, the following 
relationships are satisfied: 0,50 < (Di + D2) /2D < 1.00 at N 
= 3, 0.50 < (Di + D2)/2D <\o.90 at N = 4, and 0.50 < (Di + 
D2) /2D < 0 . 80 at N = 5 . 
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2 ■ An energy trap thickness extensional vibration 
mode piezoelectric resonator according to claim 1, wherein 
the M number of internal electrodes include substantially 
linear electrodes and intersect with each other through 
piezoelectric layers, and wherein the intersection portion 
constitutes an energy trap type piezoelectric vibration 
portion. 

3 . An energy-trap thickness extensional vibration 
mode piezoelectric resonator, comprising: 

a piezoelectric body including a plurality of 
piezoelectria layers and uniformly polarized in a thickness 
direction thereof; and 

N number of internal electrodes, where M is an 
integer equal |^o 3 to 5,^^rranged in the piezoelectric body 
on top of each other with the piezoelectric layers disposed 
therebetween; wherein 

the piezoeuLectric body vibrates in an (N-Dth higher- 
order mode of a tpickness extensional vibration mode 
generated by applying electric fields of opposite polarity 
alternately in thd direction of thickness to piezoelectric 
layers between internal electrodes, and when the thickness 
of a piezoelectric layer between adjacent internal 
electrodes in the direction of thickness is denoted by D and 
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the thicknesses of a first and second piezoelectric layer 
outside the Wtermost internal electrodes in the direction 
of thickness kre denoted by Di and D2, the following 
relationships We satisfied: 0.10 < (Di + D2) /2D < 0.80 at N 
=3, 0.10 < (Di\+ D2)/2D < 0.50 at N = 4, and 0 . 10 < (Di + 
D2) /2D < 0.45 atVlST - 5. 

4. An energy trap thickness extensional vibration 
mode piezoelectric resonator according to claim 3, wherein 
the N number of internal electrodes include substantially 
linear electrodes and intersect with each other through 
piezoelectric layers, and wherein the intersection portion 
constitutes an energy trap type piezoelectric vibration 
portion. 

5. An enei^y-trap thickness extensional vibration 
mode piezoelectric^ resonator, the piezoelectric resonator 
comprising : 

a piezoelecttic body including a plurality of 
piezoelectric layers ; and 

N number of mternal electrodes, wherein N is an 
integer equal £0 3 tb 57]disposed in the piezoelectric body 
and stacked on eachr^it:fier with the piezoelectric layers 
disposed therebetweenl- wherein 

the piezoelectric body vibrates in an (N-l)th higher- 
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order mode yf a thickness extensional vibration mode and 
piezoelectric layers located between the internal electrodes 
are polarized\in opposite direction alternately in the 
direction of tnickness, and when the thickness of a 
piezoelectric layer between adjacent internal electrodes in 
the direction of\thickness is denoted by D and the 
thicknesses of a first and second piezoelectric layer 
outside the outermost internal electrodes in the direction 
of thickness are denoted by Di and D2, the following 
relationships are satisfied: 0,60 < (Di + D2)/2D < 1.10 at N 
= 3, 0.65 < (Di + D2)Ad < 0.90 at N = 4, and 0.60 < (Di + 
D2)/2D <0.80atN=:5.\ 

6, An energy trap thickness extensional vibration 
mode piezoelectric resonator according to claim 5, wherein 
the N number of internal electrodes include substantially 
linear electrodes and intersect with each other through 
piezoelectric layers, and wherein the intersection portion 
constitutes an energy trap type piezoelectric vibration 
portion. 



7. An energy-trap thickness extensional vibration 
mode piezoelectric resonator, comprising: 

a piezoelectric \body including a plurality of 
piezoelectric layers; and 



h 
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N number \>f internal electrodes, wherein N is an 
integer equa^^to\3 to B/xdisposed in the piezoelectric body 



and stacked on each^^otTier with the piezoelectric layers 
disposed therebetween; wherein 

the piezoelectric body vibrates in an (N-l)th higher- 
order mode of a thiakness extensional vibration mode and 
piezoelectric layers \located between the internal electrodes 
are polarized in opposite direction alternately in the 
direction of thickness\ and when the thickness of a 
piezoelectric layer between adjacent internal electrodes in 
the direction of thickness is denoted by D and the 
thicknesses of a first ana second piezoelectric layer 
outside the outermost inteWnal electrodes in the direction 
of thickness are denoted by Di and D2, the following 
relationships are satisf ied\ 0 . 10 < (Di + D2)/2D < 1,10 at N = 
3, 0,10 < (Di + D2)/2D < 0,9o\at N = 4, and 0.10 < (Di + 
D2) /2D < 0.80 at N = 5. 

8. An energy trap thickness extensional vibration 
mode piezoelectric resonator according to claim 7, wherein 
the N number of internal electrodes include substantially 
linear electrodes and intersect with each other through 
piezoelectric layers, and wherein the intersection portion 
constitutes an energy trap type piezoelectric vibration 
portion. 
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9, A ladder-type filter comprising 

a series-arm resonator including a thickness 
extensional vibration mode piezoelectric resonator according 
to claim 1; and 

a parallel -arm resonator. 

10. A ladder-type filter comprising 

a series -arm resonator including a thickness 
extensional vibration mode piezoelectric resonator according 
to claim 5; and 

a parallel-arm resonator. 



11. A ladder-type filter comprising 

a parallel -arm resonator including a thickness 

extensional vibration mode piezoelectric resonator according 

to claim 3; and 

a series-arm resonator. 



12. A ladder-type filter comprising 

a parallel -arm resonator including a thickness 

extensional vibration mode piezoelectric resonator according 

to claim 7/ and 
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a series-arm resonator. 

13. A piezoelectric resonator component comprising: 
a thickness extensional vibration mode piezoelectric 

resonator according to claim 1; 

a case substrate bonded to the piezoelectric 
resonator so as to define a space for allowing the 
piezoelectric resonator to vibrate; and 

a conductive cap bonded to the case substrate so as 
to enclose the piezoelectric resonator. 

14 . A piezoelectric resonator component comprising: 
a thickness extensional vibration mode piezoelectric 

resonator according to claim 3 ; 

a case substrate bonded to the piezoelectric 
resonator so as to define a space for allowing the 
piezoelectric resonator to vibrate; and 

a conductive cap bonded to the case substrate so as 
to enclose the piezoelectric resonator, 

if 

J5f^. A piezoelectric resonator component comprising: 
a thickness extensional vibration mode piezoelectric 

resonator according to claim 5; 

a case subsnrate bonded to the piezoelectric 

resonator so as to aef ine a space for allowing the 
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piezoelectric Aesonator to vibrate; and 

a conductive cap bonded to the case substrate so as 
to enclose the piezoelectric resonator. 

16. A piezoelectric resonator component comprising: 

a thickness extensional vibration mode piezoelectric 
resonator according to claim 7; 

a case substrate bonded to the piezoelectric 
resonator so as to define a space for allowing the 
piezoelectric resonator to vibrate; and 

a conductive cap bonded to the case substrate so as 
to enclose the piezoelectric resonator. 



